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Abstract 

Objective:  This study was aimed to assess the enzymatic activity and pathogenicity potential of Beauveria bassiana 
and Metarhizium anisopliae against whiteflies in Ethiopia.

Results:  The data showed that Beauveria bassiana AAUMB-29, AAUMFB-77, and AAUEB-59 generated the highest chi-
tinase (EI = 3.41), lipase (EI = 4.45), and protease activities (EI = 5.44) respectively. The pathogenicity study of isolates 
on whitefly nymphs and adults indicated significant variation (P < 0.05) with mortality ranging from 71.67 to 98.33% 
and 60 to 100% against Bemisia tabaci and Trialeurodes vaporariorum nymphs respectively. The mortality of adults 
was between 58 and 94.27% against B. tabaci and 59.03 to 95.37% against T.vaporariorum. The result also showed 
that AAUMB-29, AAUMFB-77, and AAUDM-43 were the most virulent with LC50 values of 2.7 × 104, 5.3 × 104, and 
5.4 × 104 conidia/ml against nymphs of B. tabaci, and with LC50 values 6.8 × 104, 8.2 × 104, and 7.2 × 104 conidia/ml 
against nymphs of T. vaporariorum, respectively. The B. bassiana AAUMB-29, B. bassiana AAUMFB-77, and M. anisopliae 
AAUDM-43 induced the highest whitefly mortality than other isolates. These isolates can be recommended for further 
tests under field conditions to fully realize their potential as effective biocontrol agents against whitefly pests in 
tomato.
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Introduction
Whiteflies Bemisia tabaci and Trialeurodes vaporario-
rum (Hemiptera: Aleyrodidae) are notorious sap-sucking 
pests causing serious damage to vegetable crops through 
direct feeding and transmission of several plant viruses 
[1]. Tomato (Solanum lycopersicum) is one of the most 
favorable hosts of B. tabaci and T. vaporariorum [2], and 
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these whitefly species cause tomato yield losses from 50 
to 100% [3]. The control of whitefly is mainly dependent 
upon chemical pesticides to reduce agronomic losses [4, 
5]. However, the use of chemical pesticides induces pest 
resistance and an outbreak of secondary pathogens [6].

Entomopathogenic fungi (EPF) Beauveria bassiana and 
Metarhizium anisopliae are the most environmentally-
friendly bio-control agents against sucking insect pests 
[7]. They produce adhesion factors, cuticle degrading 
enzymes, infection structures [8], and toxic secondary 
metabolites to overcome host cuticles and cause infec-
tion [9]. These typical features of B. bassiana and M. 
anisopliae provide an advantage to effectively control 
sap-sucking insect species over others [10]. Different 
laboratory and field studies demonstrated that isolates 
of B. bassiana and M. anisopliae effectively controlled B. 
tabaci and T. vaporariorum with mortality ranging from 
71 to 96.61% [11–13].

Increased interests in the use of entomopathogenic 
fungi in pest management options necessitate the selec-
tion of fungal isolates with high virulence that shows sig-
nificant enzyme activities on target insects. In Ethiopia, 
locally isolated entomopathogenic fungi showed prom-
ising results for the control of agricultural pests such as 
Aphis gossypiin [14], Pachnoda interrupta [15], and Tuta 
absoluta [16]. However, there is a limited report on the 
use of these native isolates for the management of white-
flies. Hence, this study was carried out to evaluate the 
enzymatic activity and pathogenicity competence of B. 
bassiana and M. anisopliae against whitefly species, B. 
tabaci and T. vaporariorum in Ethiopia.

Main text
Material and methods
Indigenous entomopathogenic fungi B. bassiana and M. 
anisopliae were used in trials (Additional file 1: Table S1). 
Isolates were obtained from soil samples collected from 
farmlands and forest sites of Ethiopia. The potential iso-
lates were selected based on their virulence effectiveness 
[17].

Cuticle degrading enzyme production with agar plate 
methods
The 5  mm mycelial agar disc of each isolate was trans-
ferred in triplicates into casein hydrolysis agar composed 
of; (KH2PO4 (1  g), KCl (0.5  g), MgSO4·7H2O (0.4  g), 
CaCl2·2H2O (0.1 g), powdered skim milk (25 ml of 15%), 
glucose (10  g), agar (12  g) and distilled H2O (1000  ml) 
[18], and incubated at 25 °C for 10 days to evaluate their 
protease activity.

Isolates were screened for chitinase activity on the chi-
tin-agar medium according to the method suggested by 
Maketon et al. [19]. The 5-mm mycelial agar disc of each 

isolate was transferred in triplicates to the chitin-agar 
medium composed of; (NH4)2 SO4 (1  g), K2HPO4 (1  g), 
KCl (0.5 g), NaCl (5 g), and MgSO4 (0.5 g), FeSO4 (0.01 g), 
agar–agar (20 g), colloidal chitin (5 g) and distilled H2O 
(1000 ml). They were incubated at 25 °C for 10 days.

Isolates were screened for lipase activity according to 
Falony et al. [20]. The 5 mm mycelia gar discs were inocu-
lated into a basal medium in triplicates with a composi-
tion (g/L): NaH2PO4 1.2, MgSO4·7H2O 0.3, KH2PO4 2, 
CaCl2 0.25, 0.003% NaCl, 2% agar, (NH4)2SO4 at 1%, and 
olive oil at 2% and incubated at 25 °C for 10 days. Enzy-
matic index (EI) was calculated using the following for-
mula [21]:

Pathogenicity test against whitefly nymphs and adults
Adult and nymph whiteflies were released to tomato 
leaves containing sprayed residues of fungal isolates as 
described by Mascarin et  al. [22]. Tomato leaves were 
sprayed with 3 ml of a conidial suspension of isolates at 
1 × 107  conidia/ml. After spraying, leaves were placed 
onto 0.2% water agar in a petri dish and adult whiteflies 
were released into treated leaves (15 adults/leaf ) in trip-
licates and incubated at 25  °C for 10 days. Similarly, the 
mortality of whitefly nymphs was assessed by spraying 
leaf discs (30  mm in diameter) containing 20 nymphs 
with 3  ml of conidial suspension of 1 × 107  conidia/ml. 
Then leaf discs were placed onto 0.2% water agar medium 
in a Petri dish and incubated at 25  °C for 10  days. The 
median of lethal time (LT50) of each isolates at 10 days of 
post inoculation was calculated using probit analysis.

Sporulation of isolates on whitefly nymph cadavers
The spore production of isolates was assessed according 
to Mascarin et al. [22]. To quantify yield, four sporulated 
nymphs were randomly selected within each treatment 
and transferred into a 1.8 ml microcentrifuge tube con-
taining 1.5 ml of 0.1% Triton X-100 and from which 1 ml 
was counted in triplicates using a hemocytometer.

Multiple‑dose responses studies
The multiple-dose bioassay (1 × 105–1 × 108  conidia/ml) 
was evaluated to estimate the average lethal concentra-
tion (LC50) values of each isolate [23]. Each treatment 
was undertaken in triplicates to record nymph mortality 
for 10 days with periodic observation every day.

Data analysis
Mortality data were corrected using Abbott’s formula 
[24]. The corrected mortality and spore per whitefly 

Enzymatic Index (EI) =
Hydrolysis zone diameter

Colony growth diameter
.
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nymph cadaver were arcsine transformed [25] and sub-
jected to the ANOVA procedure in SPSS version 20. The 
bioassay evaluation was tested by means separated using 
Tukey’s HSD test at P < 0.05. The lethal time (LT50) and 
the lethal concentration (LC50 and LC90) values were 
determined with probit analysis (IBM SPSS statics 20) 
[26].

Results
Cuticle degrading enzymatic activities
Entomopathogenic fungi were showed significant dif-
ferences in their relative enzyme activities ranging from 
1.20 to 3.41 for chitinase, 1.58 to 4.45 for lipase, and 1.72 
to 5.44 for protease (Table  1). On average, the isolates 
displayed the highest protease index (3.41), followed by 
the lipase index (2.86) and chitinase index (2.42), respec-
tively. Isolates showed significant differences in their 
enzyme activities; where almost all isolates (92%) showed 
excellent protease activities while 75% and 50% of the 
isolates displayed excellent lipase and chitinase activi-
ties respectively (Additional file  1: Fig. S1). Although 
67% of the isolates showed excellent overall activities, 
B. bassiana AAUMB-29 performed best in chitinase 
activity (EI = 3.41), whereas B. bassiana AAUMFB-77 
and B. bassiana AAUEB-59 exhibited the highest lipase 
(EI = 4.45), and protease activity (EI = 5.44) respectively.

Virulence of B. bassiana and M. anisopliae isolates 
against whitefly adults
All isolates were pathogenic to whiteflies, B. tabaci, 
and T. vaporariorum adults (Fig.  1). The different fun-
gal isolates showed mortality of whitefly adults between 
58 to 94.27% for B. tabaci and 59.03 to 95.37% for 

T. vaporariorum after 10  days treatment. The result 
showed that M. anisopliae AAUDM-43 and B. bassiana 
AAUMFB-77 displayed the highest mortality of 94.27% 
and 95.37% on B. tabaci and T. vaporariorum adults, 
respectively (Additional file 1: Figs. S2, S3).

Mortality (%), median lethal time (LT50), and spore 
production perspective of isolates on cadavers of whitefly 
nymphs
The bio-insecticide efficacies of entomopathogenic fungi 
showed significant differences (P < 0.001) in percent-
age mortality of B. tabaci and T. vaporariorum nymphs 
(Table 2). The mortality of B. tabaci and T. vaporariorum 
nymphs varied from 71.67 to 98.33% and 60 to 100%, 
respectively. Thus, B. bassiana AAUMB-29 displayed 
98.33% mortality on B. tabaci. Similarly, B. bassiana 
AAUMB-29 and AAUMFB-77 caused 100% mortality on 
T. vaporariorum nymphs.

Concerning lethal time at 50% (LT50) mortality values, 
isolates fell within the range of 3.22 to 9.26  days for B. 
tabaci and 3.08 to 8.16 days for T. vaporariorum nymphs 
(Table  2). B. bassiana AAUMFB-77 achieved the least 
LT50 values of 3.22 days and 3.08 days on B. tabaci and 
T. vaporariorum respectively. The spore production of 
isolates on whitefly nymph cadavers varied significantly 
among isolates (P < 0.001) with profuse sporulation rang-
ing from 1.3 × 105 to 6.5 × 106 on B.tabaci and 1.6 × 105 
to 5.8 × 106 conidia/cadaver on T. vaporariorum.

Regarding the multiple dosage (1 × 105–1 × 108 conidia/
ml) response evaluations, the B. bassiana AAUMB-29 
revealed the lowest LC50 values of 6.8 × 104  conidia/
ml on T. vaporariorum, (Additional file  1: Table  S2) 
and 2.7 × 104  conidia/ml on B. tabaci (Additional file  1: 

Table 1  The enzymatic indices of B. bassiana and M. anisopliae isolates

REA relative enzymatic activity, AREA average relative enzymatic activity, E excellent activity, G good activity, F fair activity, P poor activity

Isolate code Species Enzymatic index Average index AREA

Chitinase index REA Lipase index REA Protease index REA

AAUMFB-5 B. bassiana 2.29 G 1.58 F 2.16 E 2.01 G

AAUMFB-77 B. bassiana 2.94 E 4.45 E 4.11 E 3.83 E

AAUMB-29 B. bassiana 3.41 E 4.10 E 3.11 E 3.54 E

AAUMB-20 B. bassiana 2.73 E 2.11 F 2.52 E 2.45 G

AAUEB-59 B. bassiana 2.49 G 2.86 E 5.44 E 3.59 E

AAUMB-21 B. bassiana 2.29 G 2.80 E 3.63 E 2.91 E

AAUKB-11 B. bassiana 2.84 E 3.30 E 3.03 E 3.05 E

AAUDM-43 M. anisopliae 2.82 E 3.00 E 2.81 E 2.87 E

AAUZM-60 M. anisopliae 1.20 P 1.92 F 2.83 E 1.98 F

AAUEM-30 M. anisopliae 1.26 P 1.64 F 1.72 F 1.54 F

AAUMFM-6 M. anisopliae 2.17 G 2.60 E 4.49 E 3.08 E

AAUZM-18 M. anisopliae 2.70 E 3.99 E 5.08 E 3.92 E

Average 2.42 50% 2.86 75% 3.41 92% 2.90 67%
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Table  S3). Isolate B. bassiana AAUMFB-77 achieved 
the lowest LC90 value of 1.9 × 106  conidia/ml against B. 
tabaci, whilst B. bassiana AAUMB-29 exhibited the low-
est (1.5 × 106 conidia/ml) against T. vaporariorum.

Discussion
The main important bio-insecticidal traits of 
entomopathogenic fungi are the production of cuticle 
degrading extracellular enzymes [27]. Consequently, 
isolates of B. bassiana, and M. anisopliae were pro-
duced chitinase, lipase, and protease enzymes. The data 
showed that isolates differed in their chitinase, lipase, 
and protease enzyme activities that are attributed to their 
intraspecific and interspecific variability [28]. The three 

potential isolates, B. bassiana AAUMB-29, B. bassiana 
AAUMFB-77, and M. anisopliae AAUDM-43 displayed 
a high level of chitinase, lipase, and protease activities. 
Hence, the greater chitinase, lipase, and protease activi-
ties of isolates indicate the capability of protein, chitin, 
and lipids breakdown by these isolates. This alludes to 
that the fungal isolates are capable of successful penetra-
tion of insect cuticles [29, 30], with a high virulence effect 
against target insects [31].

In this study, the M. anisopliae AAUDM-43 induced 
the highest mortality of 94.27% on B. tabaci whereas 
B. bassiana AAUMFB-77 inflicted greater mortality of 
95.37% on the T. vaporariorum adults after 10  days of 
treatment at the rate of 1 × 107  conidia/ml. Among the 

Fig. 1  Percent mortality (Mean ± SE) of B. tabaci and T. vaporariorum adults after 10 days of treatment with M. anisopliae and B. bassiana at 
1 × 107 conidia/ml

Table 2  Mortality (%), median lethal time (LT50), and spore production per B. tabaci and T. vaporariorum nymphs after 10  days of 
treatment with M. anisopliae and B. bassiana at 1 × 107 conidia/ml

Mean with different letters in a column indicates the significant difference at Tukey’s HSD test, P < 0.05

Isolates % Mortality 
of B. tabaci 
(Mean ± SE)

LT50 (days) (95% CL) Spore per B. tabaci 
(conidia/ml)

% Mortality of 
T. vaporariorum 
(Mean ± SE)

LT50 (days) (95% 
CL)

Spore per T. 
vaporariorum 
(conidia/ml)

AAUMB-20 76.67 ± 1.66cd 9.26 (7.94–11.98) 1.3 × 105 ± 4.3 × 103d 81.67 ± 1.66a 7.52 (6.51–9.15) 1.6 × 105 ± 8.5 × 103d

AAUMB-21 80.00 ± 2.88bcd 3.52 (2.68–4.35) 2.5 × 106 ± 2.4 × 105bc 85.00 ± 2.88a 4.35 (3.66–5.03) 3.6 × 106 ± 6.4 × 105b

AAUMB-29 98.33 ± 1.66a 3.36 (2.49–4.19) 3.0 × 106 ± 1.3 × 105b 100.00a 3.82 (3.17–4.43) 3.7 × 106 ± 2.1 × 105b

AAUMFB-5 80.00 ± 5.77bcd 6.24 (5.34–7.10) 3.4 × 104 ± 2.1 × 103d 60.00 ± 5.77b 8.16 (6.93–10.48) 2.4 × 105 ± 6.4 × 103d

AAUKB-11 85.00 ± 5.00abcd 7.32 (6.72–8.08) 5.6 × 104 ± 2.3 × 103d 86.67 ± 4.40a 6.54 (5.83–7.44) 2.0 × 105 ± 2.1 × 104d

AAUZM-18 93.33 ± 1.66ab 8.04 (7.38–8.97) 4.7 × 105 ± 6.4 × 103d 81.67 ± 4.40a 7.63 (6.77–9.36) 4.4 × 105 ± 3.6 × 104d

AAUMFB-77 91.67 ± 1.66babc 3.22 (2.47–3.93) 6.5 × 106 ± 2.6 × 105a 100.00a 3.08 (2.61–3.54) 5.8 × 106 ± 4.1 × 105a

AAUEB-59 71.67 ± 1.66d 5.84 (4.82–7.27) 2.2 × 105 ± 1.5 × 104d 88.33 ± 3.33a 8.13 (7.55–6.99) 1.9 × 105 ± 2.6 × 104d

AAUDM-43 95.00 ± 2.88ab 3.73 (3.09–4.36) 2.0 × 106 ± 1.5 × 105c 95.00 ± 2.88a 4.91 (4.39–5.42) 1.8 × 106 ± 4.3 × 104c

AAUMFM-6 86.67 ± 3.33abcd 4.51 (3.55–5.63) 2.1 × 106 ± 1.9 × 105c 90.00 ± 5.77a 4.80 (4.16–5.46) 2.7 × 106 ± 2.5 × 105bc
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isolates, B. bassiana AAUMB-29 displayed the high-
est mortality (98.33%) of nymphs on B. tabaci and both 
isolates of B. bassiana AAUMB-29 and B. bassiana 
AAUMFB-77 achieved 100% nymph mortality on T. 
vaporariorum. Several studies also confirmed the great 
bio-efficacy of B. bassiana and M. anisopliae against B. 
tabaci and T. vaporariorum, with mortality values of 
86.47 to 96.61% at the concentration of 1 × 106 conidia/
ml in Italy [13], 71 to 86% at 1 × 107 conidia/ml in Mexico 
[32]. The disparities in bio-control efficiency of isolates 
could be due to differences in conidial viability, spore 
concentrations, the vulnerability of pests, enzymatic 
activities, and experimental conditions [33, 34].

Spore production on the surface of target insect cadav-
ers is one of the important parameters for the selec-
tion of candidate biological control agents. The B. 
bassiana AAUMFB-77 yielded the highest numbers of 
spores with 6.5 × 106  conidia/cadaver on B. tabaci and 
5.8 × 106  conidia/cadaver on T. vaporariorum nymphs. 
These numbers were slightly higher than the number of 
spores produced; 7.9 × 105  conidia/cadaver of whitefly 
nymph with B. bassiana [22], but lower than spore produc-
tion by B. bassiana (8.3 × 107 per beetle cadaver) [35]. The 
difference in spore production of fungal isolates on insect 
cadavers might be due to variation in humidity, fungal iso-
late, host species, experimental method, host stage, and 
body size [36]. With regard to the median lethal concentra-
tion, B. bassiana AAUMB-29 which was highly effective 
against the nymphs of whitefly species gave the lowest LC50 
values of 6.8 × 104  conidia/ml on T. vaporariorum (Addi-
tional file 1: Table S2) and 2.7 × 104 conidia/ml on B. tabaci 
(Additional file 1: Table S3). The finding was slightly better 
than LC50 values on application with M. anisopliae and B. 
bassiana ranging from 0.22 × 104 to 4.91 × 106 conidia ml−1 
against whitefly nymphs reported [37].

Conclusion
This particular study showed that B. bassiana and M. 
anisopliae indicated differences in the production of 
chitinase, lipase, and protease enzymes. The B. bassiana 
AAUMB-29, B.bassiana AAUMFB-77, and M.anisopliae 
AAUDM-43 were the most virulent against whitefly 
nymphs and adults. The whitefly nymphs were more vul-
nerable to infection with M. anisopliae and B. bassiana 
than the adult stages of the whitefly species.

Limitations
This study is limited to the enzymatic activities and bio-
assay study of B. bassiana and M. anisopliae against 
whiteflies under in-vitro conditions. A future study is 

required under field conditions to realize the efficiency of 
isolates for the development of myco-insecticide.

Abbreviations
AREA: Average relative enzymatic activity; CL: Confidence limit; E: Excellent 
activity; EI: Enzymatic index; F: Fair activity; G: Good activity; EPF: Entomopath-
ogenic fungi; LC50: The median lethal concentration required to kill 50%; P: 
Poor activity; PDA: Potato dextrose agar; REA: Relative enzymatic activity; SE: 
Standard error.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13104-​022-​06004-4.

Additional file 1: Table S1. Sources of Beauveria bassiana and Metarhi-
zium anisopliae isolates used in this study. Table S2. The probit analysis of 
lethal concentrations values of B. bassiana and M. anisopliae in multiple 
dose-mortality response bioassays against T. vaporariorum nymphs 10 
days post-fungal application. Table S3. The probit analysis of lethal 
concentrations values of B. bassiana and M. anisopliae in multiple dose-
mortality response bioassays against B. tabaci nymphs 10 days post-fungal 
application. Figure S1. Extracellular activities of entomopathogenic 
fungi. Lipase activity of B. bassiana AAUMFB-77 (A), protease activity of B. 
bassiana AAUMB-29 (B), and Chitinase activity of M. anisopliae AAUDM-43 
(C). Figure S2. Cultures of selected M. anisopliae and B. bassiana isolates 
on potato dextrose agar media. B. bassiana AAUMB-29 (A), B. bassiana 
AAUMFB-77 (B), and M. anisopliae AAUDM-43 (C). Figure S3. The mortality 
of whitefly adults with entomopathogenic fungi on tomato leaves. The 
mortality of whitefly adults by B. bassiana AAUMFB-77 (A), B. bassiana 
AAUMB-29 (B), and M. anisopliae AAUDM-43 (C).

Acknowledgements
The authors gratefully thank the Healthy Seedling Project granted by both the 
Ethiopian Biotechnology Institute and the Regional Project supported by the 
Austrian Development Agency (ADA) for financial support in this study.

Authors’ contributions
AG planned the study, carried out the experiment, analyzed data, and wrote 
the manuscript. YC and FA supervised the overall activities in the study and 
editing the manuscript. All authors read and approved the final manuscript.

Funding
Culture media, chemicals, reagents, substrates, stationary materials, and labo-
ratory and field equipment were supplied by Ethiopian Biotechnology Insti-
tute and the Regional Project by the Austrian Development Agency (ADA).

Availability of data and materials
The datasets used and/or analyzed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Tomato is not a protected species in Ethiopia and the study on the tomato 
plant does not need the approval of the Ethiopian biodiversity institute.

Consent for publication
Not applicable.

Competing interests
The authors have not declared any competing interests.

https://doi.org/10.1186/s13104-022-06004-4
https://doi.org/10.1186/s13104-022-06004-4


Page 6 of 6Gebremariam et al. BMC Research Notes          (2022) 15:117 

Received: 23 November 2021   Accepted: 14 March 2022

References
	1.	 Schlaeger S, Pickett JA, Birkett MA. Prospects for management of whitefly 

using plant semiochemicals, compared with related pests. Pest Manag 
Sci. 2018;74(11):2405–11.

	2.	 Rehman H, Bukero A, Lanjar AG, Bashir L. Investigation of varietal 
characteristics of tomato plants for determining the diverse prefer-
ences of Bemisia Tabaci (Aleyrodidea: Hemiptera). Gesunde Pflanzen. 
2020;72:163–70.

	3.	 Fauquet C, Briddon R, Brown JK, Moriones E, Stanley J, Zerbini M, 
Zhou X. Geminivirus strain demarcation and nomenclature. Adv Virol. 
2008;153(4):783–821.

	4.	 Agegnehu E, Ousma Y, Ayalew A. Screening of some foliar chemical 
insecticides against White Fly (Bemisia tabaci) on Tomato at Metema 
District, North Gondar, Ethiopia. Open Access Libr J. 2014;1(2):1–7.

	5.	 Ayalew G. Comparison of biological and chemical control methods 
against whiteflies and thrips in green house herbs in the central rift valley 
of Ethiopia. Asian Res Publ Netw J Agric Biol Sci. 2016;11(1):9–17.

	6.	 Mantzoukas S, Eliopoulos PA. Endophytic entomopathogenic fungi: a val-
uable biological control tool against plant pests. Appl Sci. 2020;10(1):360.

	7.	 Chaneiko SM, de Brida AL, Bassa PG, Telles MH, dos Santos LA, Pereira DI, 
Pereira RM, Garcia FR. Pathogenicity of Beauveria bassiana and Metarhi-
zium anisopliae to Anastrepha fraterculus (Diptera: Tephritidae) and effects 
on adult longevity. J Agric Sci. 2019;11(16):132.

	8.	 Butt T, Coates C, Dubovskiy I, Ratcliffe N. Entomopathogenic fungi: new 
insights into host–pathogen interactions. Adv Genet. 2016;94:307–64.

	9.	 Pedrini N. Molecular interactions between entomopathogenic fungi 
(Hypocreales) and their insect host: perspectives from stressful cuticle 
and hemolymph battlefields and the potential of dual RNA sequencing 
for future studies. Fungal Biol. 2018;122(6):538–45.

	10.	 Aw KMS, Hue SM. Mode of infection of Metarhizium spp. fungus and their 
potential as biological control agents. J Fungi. 2017;3(2):30.

	11.	 Singh H, Kaur T. Pathogenicity of entomopathogenic fungi against the 
aphid and the whitefly species on crops grown under greenhouse condi-
tions in India. Egypt J Biol Pest Control. 2020;30(1):1–9.

	12.	 Abdel-Raheem M, Al-Keridis LA. Virulence of three entomopathogenic 
fungi against whitefly, Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodi-
dae) in tomato crop. J Entomol. 2017;14(4):155–9.

	13.	 Oreste M, Bubici G, Poliseno M, Tarasco E. Effect of Beauveria bassiana and 
Metarhizium anisopliae on the Trialeurodes vaporariorum-Encarsia formosa 
system. J Pest Sci. 2016;89(1):153–60.

	14.	 Tesfaye D, Seyoum E. Studies on the pathogenicity of native 
entomopathogenic fungal isolates on the cotton/melon aphid, Aphis 
gossypii (Homoptera: Aphididae) Glover under different temperature 
regimes. Afr Entomol. 2010;18(2):302–12.

	15.	 Habtegebriel B, Getu E, Dawd M, Seyoum E, Atnafu G, Khamis F, Hilbur Y, 
Ekesi S, Larsson MC. Molecular characterization and evaluation of indig-
enous entomopathogenic fungal isolates against Sorghum Chafer, Pach-
noda interrupta (Olivier) in Ethiopia. J Entomol Nematol. 2016;8(5):34–45.

	16.	 Tadele S, Emana G. Entomopathogenic effect of Beauveria bassiana (Bals) 
and Metarrhizium anisopliae (Metschn) on Tuta absoluta (Meyrick) (Lepi-
doptera: Gelechiidae) larvae under laboratory and glasshouse conditions 
in Ethiopia. J Plant Pathol Microbiol. 2017;8:411–4.

	17.	 Gebremariam A, Chekol Y, Assefa F. Phenotypic, molecular, and virulence 
characterization of entomopathogenic fungi, Beauveria bassiana (Balsam) 
Vuillemin, and Metarhizium anisopliae (Metschn.) Sorokin from soil 
samples of Ethiopia for the development of mycoinsecticide. Heliyon. 
2021;7(5):e07091.

	18.	 Lechuga EGO, Zapata IQ, Niño KA. Detection of extracellular enzy-
matic activity in microorganisms isolated from waste vegetable 
oil contaminated soil using plate methodologies. Afr J Biotechnol. 
2016;15(11):408–16.

	19.	 Maketon M, Orosz-Coghlan P, Sinprasert J. Evaluation of Metarhizium 
anisopliae (Deuteromycota: Hyphomycetes) for control of broad mite 
Polyphagotarsonemus latus (Acari: Tarsonemidae) in mulberry. In: Bruin J, 
van der Geest LPS, editors. Diseases of mites and ticks. Berlin: Springer; 
2008. p. 157–67.

	20.	 Falony G, Armas JC, Mendoza JCD, Hernández JLM. Production of extra-
cellular lipase from Aspergillus niger by solid-state fermentation. Food 
Technol Biotechnol. 2006;44(2).

	21.	 Bradner J, Gillings M, Nevalainen K. Qualitative assessment of hydrolytic 
activities in Antarctic microfungi grown at different temperatures on solid 
media. World J Microbiol Biotechnol. 1999;15(1):131–2.

	22.	 Mascarin GM, Kobori NN, Quintela ED, Delalibera I Jr. The virulence of 
entomopathogenic fungi against Bemisia tabaci biotype B (Hemiptera: 
Aleyrodidae) and their conidial production using solid substrate fermen-
tation. Biol Control. 2013;66(3):209–18.

	23.	 Quesada-Moraga E, Maranhao E, Valverde-García P, Santiago-Álvarez 
C. Selection of Beauveria bassiana isolates for control of the whiteflies 
Bemisia tabaci and Trialeurodes vaporariorum on the basis of their 
virulence, thermal requirements, and toxicogenic activity. Biol Control. 
2006;36(3):274–87.

	24.	 Abbott WS. A method of computing the effectiveness of an insecticide. J 
Econ Entomol. 1925;18(2):265–7.

	25.	 Gomez KA, Gomez AA. Statistical procedures for agricultural research. 
Hoboken: Wiley; 1984.

	26.	 Finney D. Probit analysis. 3rd ed. London: Cambridge Univ Press; 1971.
	27.	 Dhawan M, Joshi N. Enzymatic comparison and mortality of Beauveria 

bassiana against cabbage caterpillar Pieris brassicae LINN. Braz J Micro-
biol. 2017;48(3):522–9.

	28.	 Cortez-Madrigal H, Sánchez-Saavedra JM, Díaz-Godínez G, Mora-Aguilera 
G. Enzymatic activity and pathogenicity of entomopathogenic fungi 
from central and southeastern Mexico to Diaphorina citri (Hemiptera: 
Psyllidae). Southwest Entomol. 2014;39(3):491–502.

	29.	 Schrank A, Vainstein MH. Metarhizium anisopliae enzymes and toxins. 
Toxicon. 2010;56(7):1267–74.

	30.	 Cho E-M, Boucias D, Keyhani NO. EST analysis of cDNA libraries from the 
entomopathogenic fungus Beauveria (Cordyceps) bassiana. II. Fungal 
cells sporulating on chitin and producing oosporein. Microbiology. 
2006;152(9):2855–64.

	31.	 Perinotto WM, Golo PS, Rodrigues CJC, Sá FA, Santi L, da Silva WOB, 
Junges A, Vainstein MH, Schrank A, Salles CM. Enzymatic activities and 
effects of mycovirus infection on the virulence of Metarhizium anisopliae 
in Rhipicephalus microplus. Vet Parasitol. 2014;203(1–2):189–96.

	32.	 Rios-Velasco C, Pérez-Corral DA, Salas-Marina MÁ, Berlanga-Reyes DI, 
Ornelas-Paz JJ, Muñiz CHA, Cambero-Campos J, Jacobo-Cuellar JL. 
Pathogenicity of the Hypocreales fungi Beauveria bassiana and Metarhi-
zium anisopliae against insect pests of tomato. Southwest Entomol. 
2014;39(4):739–50.

	33.	 Saleem A-R, Ibrahim RA. Assessment of the virulence and proteolytic 
activity of three native entomopathogenic fungi against the larvae of 
Oryctes agamemnon (Burmeister) (Coleoptera: Scarabaeidae). Egypt J Biol 
Pest Control. 2019;29(1):21.

	34.	 Mondal S, Baksi S, Koris A, Vatai G. Journey of enzymes in entomopatho-
genic fungi. Pac Sci Rev A Nat Sci Eng. 2016;18(2):85–99.

	35.	 Belay YC, Tenkegna TA. Bioassay and pilot mass production of 
entomopathogenic fungus, Beauveria bassiana for the control of coffee 
Berry Borer (Hypothenemus hampei: Scolytidae), Ferrari. J Appl Biosci. 
2017;117:11669–83.

	36.	 Sosa-Gómez DR, Alves SB. Temperature and relative humidity require-
ments for conidiogenesis of Beauveria bassiana (Deuteromycetes: Monili-
aceae). Anais da Sociedade Entomologica do Brasil. 2000;29(3):515–21.

	37.	 Sain SK, Monga D, Kumar R, Nagrale DT, Hiremani NS, Kranthi S. Compat-
ibility of entomopathogenic fungi with insecticides and their efficacy for 
IPM of Bemisia tabaci in cotton. J Pestic Sci. 2019;44(2):97–105.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Extracellular enzyme activity of entomopathogenic fungi, Beauveria bassiana and Metarhizium anisopliae and their pathogenicity potential as a bio-control agent against whitefly pests, Bemisia tabaci and Trialeurodes vaporariorum (Hemiptera: Aleyrodidae)
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Material and methods
	Cuticle degrading enzyme production with agar plate methods
	Pathogenicity test against whitefly nymphs and adults
	Sporulation of isolates on whitefly nymph cadavers
	Multiple-dose responses studies
	Data analysis

	Results
	Cuticle degrading enzymatic activities
	Virulence of B. bassiana and M. anisopliae isolates against whitefly adults
	Mortality (%), median lethal time (LT50), and spore production perspective of isolates on cadavers of whitefly nymphs

	Discussion
	Conclusion
	Limitations
	Acknowledgements
	References




